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(57) A highly bandwidth-efficient communications 
method is disclosed, to maximize the signal-to-interfer- 
ence-noise ratio (SINR) of transmissions from a base 
station to a remote station in a wireless communications 
system. The method is used for base stations that have 
a plurality of antenna elements that are capable of spa- 
tial beam steering by altering the relative phase of trans- 
mission of signals from the respective elements. The 
method of the invention is based on providing calibra- 
tion frames that sequentially transmit calibration bursts 
from the respective antenna elements for a particular 
destination remote station. The calibration bursts 
include a plurality of tone frequencies arranged in a dis- 
tinctive orthogonal frequency division multiplexed pat- 
tern unique to the base station. The unique pattern 
enables a remote station to distinguish the base sta- 
tion's bursts from other signals present in a crowded 
area. The distinctive orthogonal frequency division mul- 
tiplexed pattern can be a Hadamard code pattern, for 
example. The plurality of calibration bursts are part of a 
transmission frame having a reference phase. The 
remote station receives the calibration bursts and meas- 
ures values related to the relative phase difference 
between the calibration bursts and the reference phase. 
The remote station also measures the SINR of the 
received bursts. The measured values are then pre- 
pared as a sampling data message that is transmitted 
by the remote station back to the base station. The base 
station then calculates therefrom a beam steering cor- 
rection to modify the relative phase difference. This 
beam steering correction is then applied to traffic bursts 
that are respectively transmitted from the plurality of 
antenna elements at the base station, to steer the plu- 



rality of traffic bursts toward the remote station. The 
beam steering correction steers the traffic bursts to 
maximize the signal-to-interference-noise ratio (SINR) 
of the traffic bursts at the remote station. 
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Background of the Invention 

5 Field of the Invention 

system. ™ S inVemi ° n inVO ' VeS * communications systems and methods in a wireless communications 

10 Description of RelatPrl Art 

Summary of the Invention 

is used for base stations that have a pJuraWy of alnn l^Z^ ^T^™ 8y8tam - The melhod 
the relative phase of transmission for sianals ImZ , " r « n f *'* C3pable 0f spatial beam steerin g by altering 
providing calibration Iram^^^ZV^l ! ^ m<5th0d ° f the invention is based on 

ticular destination ^sn^^S^!^^^ T!™ * e reSp6Ctive antenna e,ements for « 
distinctive orthogonal freq^^^3^'^ Ude . a * °' Ca ' ibrati ° n t0ne ■ Wcies arranged in a 
remote station ,o distinguish the base stetiorS h,?«T? ? Ueto * he baSe Station - The uni ^ e Pattern enables a 
orthogonal frequency r^J^^^ ^ ^^"f 8 PrSSent ,n a crawded The distinctive 

forms each respective calibration buS? each antenna l m S ™ T ^ The base station 

ing calibration signal over the pluraMtv o ortall r=Z,, T / COmput,n 9 s P readin 9 weights to spread an outgo- 
onal frequency division rr^^TpaZTl^ an Zn ' T, ^ re ^ encies " usin 9 the distinctive Hadamard orthog- 
the form of a spread signal comprising lS!S^^S^L m ^J"*"** te r6SpeCtive calibration 
The p,ra, ?y of caiibration bursts^ P^STa^^ ^-encies. 

wei I ~fs^ ~ - sp^d sfgna, by using despreading 

the reference phase. The r*r£££^£££ £ S ^ bel " een the CaHbration bursts and 

SthI?e,S ~ 

transmitted from the plurality o antenna demits ! »h P h,? f^' 5 ^ "^'^ * ^ burStS that are respectively 
remote station. The beam steering ^S^^^^^Jt^. ° f » affic bursts toward the" 

(SINR) of the traffic bursts at the remote station 6 ^ s, 9 na '-t°-interference-noise ratio 

SmS^^ ^ ^ Stati °" * in < he of a spread signal comprising 

control frequencies. Theba'se J^SSlJ SaS^^ZS? 3 ° f inC ° min9 

the sampling data message values The base statin thtn P T I 9 ' b/ USmg des P readir >9 weights, recovering 
difference (at the remote ^m^JZ^^^^T 'l™^ reCeived Values " the current relative phase 
frame. The base station then compass the cur ^STZ ^ the reference phase of the transmit 

Phase difference that was deTedTom a p^^^^^ 

measurement had resulted from beam steer no co^Z ^f ? J earher calibrati ° n burst. The prior 

tion burst. The base station then cSutX a tranT^n ? * the b3Se 6taSon to the earlier calib 'a- 

response to the comparing au^SJSe fte^SZS£' 3? T * *" ° f anlenna e,ements in 

remote station. « minimize the relative phase differences between the plurality of traffic bursts at the 

[0009] The base station then computes spreading weights to spread outgoing traffic signa.s over a plurality of outgo- 
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inq frequencies using the calculated transmission phase correction. The base station spreads the traffic signals over 
SrtS^^oulaoino frequencies using the computed spreading weights, thereby forming the plurality of outgoing 
SfESJste. The resuming traffic bursts are transmitted from the plurality of antenna elements. In a preyed embodi- 
ment the base station is part of a wireless discrete multitone spread spectrum communications system. In another 
B ^ iSTr^K the calibration tone frequencies in the calibration bursts are also used for link control >n the traf- 

moToT^Currently, the invention has advantageous applications in the field of wireless communications, such as cellular 
communications or personal communications, where bandwidth is scarce compared to the number of the users and 
™ eds Such applications may be effected in mobile, fixed, or minimally mobile systems. However, the invention 
to may be advantageously applied to other, non-wireless, communications systems as well. 

Brief Description of the Drawings 
[0011] In the drawings: 

Fig. 1 illustrates a multiple cell wireless communications network, where each cell includes a base station that has 

a distinctive calibration tone pattern assigned to it. 

Fig A howTbase station Z0 sequentially transmitting a calibration burst in each of a plurality of 
each of a plurality of antenna elements, each burst consisting of a plurality of tones in a distinctive orthogonal fre- 
quency division multiplex (OFDM) pattern. Two remote stations. R0 and R1, rece.ve the cal.brat.on bursts and 
record the relative phase and the SINR of each burst as sampling data. 
Fig 1 B shows each remote station R0 and R1 returning the sampling data to the base station. 
Fig 1C shows a more detailed view of the composite calibration frame as it ,s rece.ved at the remote station R0. 
with each respective calibration burst positioned, with an uncorrected phase, in its respective subframe 
F Jd shows four stages of the composite calibration frame: frame 1 has uncorrected calibration bursts as seen 
aUhe base statL; frame 2 has uncorrected calibration bursts as seen atthe ^^^^J"^ 
reeled calibration bursts as seen at the base station; and frame 4 has corrected cal.brat.on bursts as seen at the 

Fig" ll shows" four examples of the distinctive OFDM pattern provided by the Hadamard code for each of four base 

nflF^hows the superframe 150 as it appears at each respective one of eight antenna elements at the base sta- 
tion each superframe consisting of a calibration frame with one of the sequence of cal.bra ,on bursts, and a*c one 
or more traffic frames with a plurality of traffic bursts. The base station adjusts the relat.ve phases of the traffic 
bur^s traced by a particular element to be the same as the relative phase of the ca.,brat,on burst transmitted 

35 ^1 gIiuSs the reuse of the tones used in the calibration burst for calibration, to also be used for call control 
^^iTdS^^ overall operation of the base station and remote station in accordance with the inven- 
40 F°g. 3 is a flow diagram of the operation of the beam steering calibration manager in the base station. 
Discussion of the Preferred Embodiment 

[0012] A highly bandwidth-efficient communications method isdisclosed, to maximize the signal-to-interference-noise 
<5 atio (SINR) of transmissions from a base station to a remote station in a wireless commumcat.ons network. F,g J jllus- 
tTa es a mu tiple cell wireless communications network, where each cell CO, C1 . C2. C3 includes a ™P«»™^ ^~ 
on lo Z?. Z2. Z3 that has a distinctive calibration tone pattern assigned to it. Fig. 1E shows <<" «™0<* *» 
frequency domain, of distinctive orthogonal frequency division multiplex (OFDM) tone patterns H_16[1]. H 16[2]. 
H 16[3] artf H 1 6 4], in the calibration bursts 1 1 0 provided by the Hadamard code for each of ^ 
50 tions Z0 Z1 Z2 Z3 In Fig. 1 . cell CO includes base station Z0 and remote stations R0 and R1 . The adjacent cell CI 
Ses base station Z1 . In a given interval, base station Z0 is shown sending an O FDM calibration tone pattern signal 
over oath TZO RO] to remote station RO. encoded with the Hadamard code pattern H_16[1H1-11-11-11-11-" " " 
1 . oCringme same interval, adjacent base station Z1 is shown sending an ™ ^ 

s gnal which is unintentionally transmitted over path (Z1 ,R0] to remote stat.on R0, * e ^ r "J 
« VnL o a «em H 1 BI21-H 1-1-111-1-111-1-111 -1-1]. The remote station R0 receives both calibration tone pattern signals 
S £ an » bS ause o their distinctive OFDM coding, the remote station RO selects only the H 16[1] calibra- 
to "tone ^pattern signal from base station Z0 for carrying out the calibration method described below^ In the igu es 
herein transmission paths are designated by the symbol »[X . Y ]", where "X" is the source along the path and Y is the 
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destination along the path. 
[0013] 



tion zolith eight an^^ reSpective eleme <^ *Q. lAshowsbase sta- 

plurality of subframes F0 F1 F2 to F7 ffnm oa h mk f e ^ ential| y transmuting a calibration burst 1 10 in each of a 
iion tone burs, 1 1 0 consis^g of' T^^J^^Ti." The figUre Shows each 

receive the ca.ioration bursts'and relrd he^e °a ^etd Z ^ ™ ^ 

calibration buffer 120 The calibration ton* h,Z t in * * £ r! each burst as sam P |ir >9 data in a receive 

station Z0, is shown in th ^ il ^ ^V^S COde pattern H - 16 m which is unique to base 
from its respective , ^ d ° main depiC,i ° n P ' aC6S each burst 1 1 0 

frames F0, F1, F2, to F7 are sequential a rranf .1 r! fth COrre t Sp0 " d,n 9 subframe F °- F1 , F2, to F7. The eight sub- 
IF.ThebeginningofthlSbTarn^ 

the subframes FO, F1 . F2, to F7 and their re^ec£3i^^ h ^^ 0 ^ ,8he8 8 r6,erenCe ^ *» a " ° f 
Kf^nV^^ <™s that sequentially transmit calibration 

view of the composite ca^^^r^^ ^^^^ 0 ", Sta,i ° a Rg - 1 C shows a ™ re bailed 

1 1 0 positioned, with an unco^ec^ed phase n its relt^ T ITT R °' e3Ch respeCtive calibration bu ^ 
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STas -h^t^S^ b * a Hadamard code pattern, for exam- 

Hadamard matrix TV' is a NxN Six of binarv va^H !f * f ? f C ° d6WOrdS the r ° WS ° f a Hadamard matrix - A 
N/2 locations. One row »m^^^^t^r* *f e ! K!h r0W differs from "V ™ in exactly 
minimum distance for theseTode ^^^^S^^TT^ "* ^ °" eB and N/2 P ' US ° nes " The 
orthogonal frequency division rnultip Sed o^rn™ S Z !? W ~ Ch a " y ^ COde WOrds dif,er - is N/2 - Other 
haveasuffici^tminLumd^tanc ^ 

of a remote station, to be uniquely encodS aXuS™ Z m 3Ch base statlon ™thin the reception range 

paport, "Wireless Communication^ SSc *5 iS 6 ^TTT C0de8 ° an bS f ° Und ' n the book *» ^ 

terns of the calibration bursts 110 shown i Fig 1 E f^eS^T^^^*^ multiplexed pat- 
arrayed along the frequency dimension of the 2c ssa ThP !S STT" 8 ° f Vert ' Cal arr ° WS alon9 the ° rdinat ^ 
quency tone, that is modulated l^^^^ZJS^^ - », ' W "" 1 " ° f 3 reSp6CliVe fre " 

ulation technique. The frequency tones of the P ? dratUrephaSe Sm keying (QPSK > mod " 

Phase shift keying (MPS^moduCn^ a "Bher order Mary 

book by Rappaport, "Wireless Communications", Pren^ce hS. 1996 ^ ""^ detaM * he 

Sat ioT^ti^S^^^^; 0 " b ^ for each ant — — ent using spread spectrum 
outgoing calibration tone SS2Sln^SK?2L2 ! Ca ' ibrati ° n Si9na ' ° VSr the P ' Uralit y of 

division multiplexed pattern^ caTblal S^^^^^S^^ Orthogonal f ^ncy 
relation with the Hadamard code that is uniou* m tho h»!I'*T atlon s rece,ver by crosscor- 

station Z0; frame 2 hJ ^uncorScS i J?Sn mC ° rr k ec,ed calibration bur ^ "0 as seen a, the base 
ibration bursts 1 10 as sb^^S^S^^ ^ ^ Statl '° n R ° : ,rame 3 has correct ^ cal- 

remote station R0. 20> a " d frame 4 has corrected calibration bursts 1 10 as seen at the 

[0020] The remote station R0 receives the calibration bursts 110 in nn 

despreading weights This process is desrrihJ h««T 9 " bespreads the spread signal by using 
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, k onH tho ^YNC reference phase. The remote station R0 also measures the 

1 B that is transmitted by the remote station R0 back to the base station ZO F.g. 1 B shows each remote 
rV rptumina their respective sampling data messages to the base station 

S«TS li lhe remote station RO despreads the calibration burst 1 1 0 with the appropriate Hadamad matnx 
column: 

ex:H 16 (1)=+1-1+1-1+1-1+ 1 - 1 1 
Signals ^Is x H 16 (1) 



S/Nfl = 10log 10 (»//^ <■ O 2 ) 
pftase = tan 1 
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torming the following vectors: 

SINR = [S, , S 2 , S 3 , S 4 , S 5> S 6 . S 7 , Ssl 

Phase = [0, P 2 , P 3 . P 4 , P 5 . Pe. P?. p a] when P N = phase n - phas ei 
10024] .nFig 1B the remote station RO the sends the sampling data back to the base station ZO as magnitude and 
phase vectors in a common access channel (CAC) message during: 

- Call Request - for remote station originated calls 

- Call Setup Response - for remote station terminated calls 

- Ping Response - for a remote station status request by base ZO 

The Base ZO then uses this data to: 

1) Directly beamform the signal to a given remote station by adding spreading weights to maximize the signal 

2^ETS*JS2*d from the multiple remote stations RO and R1 on a g.ven common access channel 
( CAC )- . cn ci po in F7 hv rniiectina Dhase and amplitude information from mul- 

ScTsSons RO and Rl to correct lor analog electronics errors, array posr.on.ng enor and ejects ol chan 

base station) for true retrodirective beam forming. 
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~^rzT5r,zs r =s (rcvr) aMhe ,here,rom a beam steeri - 

from the antenna elements EO, E1. E2 to E7 over line h i baSS Sla,, ° n pass the received si 9 nal 

Pling data message is passed over ^S^^^^S^ ^ "^i" 9 d6SPread S9m " 

tion is then applied to traffic bursts 120 in Fiq IF tha TJltZ r c f "f rat,on .onager 100. This beam steering correc- 
E0. E1 , E2, to E7 at the base station Z0 to stLr fhe nhITt /f ^^^'"^ fr0m the P ' Urality of antenna el ™ts 
beam steering correction to mil *T ™ M the remote station ™. The 

traffic bursts at the remote station R0. Rg 1 F stows the suoerTram he ^to-interference-noise ratio (SINR) of the 
antenna elements EO, E1, E2, to E7 at the base sMiln 20 f 35 " 3PPearS at eaCh respective one of ei 9 h ' 
with one of the sequence of calibratfon bursts ifo and ?i',n f SUper,rame 150 consistin 9 of a calibration frame 112 
bursts 120. The base station Z0 aC? Se^^S Z\ZZT TToH^ 122 W ' th 3 P ' Urality of traffic 
E0, E1 , E2, to E7 to be the same as the S^nS k < T 12 ° transmitted bv a Particular element 

antenna element. P 359 ° f the ^'"ration burst 1 1 0 transmitted from that respective 

sage values spread over a plurality of & comTng 2* con rol ^freouencT, Th k ^ * ,ndUde6 the Samp ' inS da,a mes " 
spread signal by using despreading weights ^e^e^SS^i? 9 Z ° 3d3PtiVe ' y deSpreadS the 

in the above referenced Alamouti. Itolarz e af^S^SSi?? 5396 Va ' UeS ' This pr ° Cess is described 
station ZO then derives from the received '^^^SS^SZ hT* here ' n by referenC& ^ base 
tion) between the respective of calibration bursts 11 > and t '? P ^. ere " Ce { 35 measured a * the remote sta- 
frame 1 12 . The beam steering calibratSn ma G r Voo a Jhe LstsTaS ZoTe^ 0 ° f ^ tranSm,tted Caibnrtton 
t-ve phase difference with a previous value of the relative ^LThI stet,on *° then compares the current derived rela- 
at the remote station R0, of an earlier ca»n ^i^tST' "* ^ 3 prbr meas -ement 

corrections that were applied at the bas > Son 7n r th I « ? P u measurement had resulted from beam steering 
ager 100 at the base sSton the ^ calculates a i an 2Z „ T CaM ° n ^ The beam steerin 9 calibra «°" man 
E 1 . E2, to E7 in response to tS^-C^TSESS fESF*"?" ^I" °' antema elements ^, 

fic bursts 120 at the remote station R S Re Sg to ^ 

burst 120 in traffic subframe FT0 along pafh E0 R01 from a f 9 " ' at ' Ve PhaSS differen <* between the traffic 
traffic subframe FT0 along path (e7 R0 "from ar^PnniT ^ E ° * R0, r6 ' atiVe *° the traffic b "^ 120 in 

the path lengths: 1 ' J d '" ema 6 ' ement E1 ,0 R0 - is Proportional to the difference Ad between 

Relative phase difference is proportional to (271 ^) 



35 



45 



[0027] The beam steering calibration manager 1 00 at the base station vn 

bursts 120 transmitted to the remote station Ro hv lo ^ 20 Can max,mi2 e the SINR of the traffic 

between the traffic burst 120 inTamc ^^^^^T^l"^ PhaSe difference 

traffic burst 120 in traffic subframe FT0 along pathfEy R01 torn 11 ] T 3 3 element E0 to R0 - Native to the 
mission phase correction 9 P ( ' ° ] fr ° m a " tenna element E1 10 R0 - This is the calculated trans- 

In^InZZ^Z 2SSXSSS^^ to sp re ad outgoing traffic signals over a p.ura.ity of outgo- 
Alamouti. Stolarz. et al. iJZSSXS^^ inclr JZ^Z ^ * d6SCribed in the 
f ic signals over the plurality of outgoing XS^^^SS^T^ ^ ^ Stati0n Spreads the traf " 

of outgoing traffic bursts. The resulting tSbu'sts ^20 are traZ S i^'" 9 WeightS ' ,hereby ,0rmin 9 lhe 
ferred embodiment, the base station VS^^^^ST , ^ * 3 pre " 

[0029] m another aspect of the invention the ca Son tZl Sp6Ctrum com ^unications system, 

-id contro, in the traffic burs,, Fig. ^GT^^^^^!^c" SS^^ m ^ ^ ^ 
1 10 for calibration, to also be used as the tones CO C'lr?. Sf« ' 5 USed In the v**™*™ burst 

[0030] Fig. 2 is a flow diagram of the operatkJ f «S thP ^« 1? 1 ^ ,Uncti0ns in ,he traffic ^ 1 20. 

The flow diagram of Fig. Sb^^^o^^a^S^ ^ " aCC ° rd3nCe With the invention - 
station, including a plurality of ione freouenriP^* r ^T, L cal,bratl ° n b "st at a first antenna element of a base 
tern unique to tf?e bLe ^^^3 d ^ -uH^ pa,- 

ond antenna element of the base station, including thVZaMv rt ^tone I™ Second cal,bration b ^st at a sec 
method continues with step 230. sequentially transmffino thi fLt 7* T * ,he pattern " Then the 



6 



BNSDOCID: <EP 0940934A2_I_> 



EP 0 940 934 A2 



15 



20 



25 



SSii* seeo^meL elements at the base station to tne remote st.aon 

1 10 at a first antenna element E0 of base stat.cn Z0. includ.no a plural rty of t ne freq^ ue ™ ,es g ^ 

orthogonal frequency division multiplexed pattern unique to th za F £^As££ P forms 

and second antenna elements at the base station to the remote stat.oa apparent 

[0034] Although the preferred embodiments ^^"^^ departing from its 

r P r ei^o^ - ~ - - — and ,he 

scope of the invention should be determined in view of the following claims. 
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A highly bandwidth-efficient communications method, comprising the steps of: 

^ir^,"r— ^ataro^to^onaod^insavatua^toa™,*. 

etatton rt =atc,* 3 — a b eam s,e.nn 0 ccece.n a, s, a 

and second antenna elements at said base station to said remote stat.on. 

second calibration bursts with respect to said reference phase. 
3 The highly bandwidth-efficient communications method of claim 1 . wherein said value includes a signal-to-interfer- 
ence-noise ratio (SINR) of said first and second calibration bursts. 

elements toward said remote stat.on. 
5. The highly bandwidth-efficient communications method of claim 1 . wherein said beam steering correction at said 
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outaoinp LUcie?. Stt.^ a« SP 8 " OU "" > ' n9 C " ib,a " < "' SIOn, ' ° ver a <" 

-eix^^^ « «— - — - 

S3vtT Bding MM Ei9na ' reCei,ed a,, " e "« * "*» **»«■*» »eigh B , teco. 

tu'SS SiXT ,e,a,ive pBaae measurM , ~— - •« « ~" —» 

8 - sarsir 7 ' wheral " saM ^ — • * - - * — 

11 . A highly band./idih-elfleiem communications method, comprisino the steps of: 

forming . second ^^^Tl^^T.Z^l T^ '"*"" '° base SK «°": 

tone frequencies arranged In said * mem " sa "' s,allon - lndl ««"9 «" Polity of 

oa Wamg from a.,, ^ . beam steeri „ 3 correofiooptsafdbasestasontomodftysafdrefativephasedWe,. 
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are part of a transmission frame having a reference phase and said value includes a relative phase of said first and 
second calibration bursts with respect to said reference phase. 

13 The highly bandwidth-efficient communications method of claim 11, wherein said value includes a signal-to-inter- 
ference-noise ratio (SINR) of said first and second calibration bursts. 

The hiahlv bandwidth-efficient communications method of claim 11 , wherein said beam steering correction at said 
^S^ZlZu first and second traffic bursts respectively transmitted from said first and second antenna 
elements toward said remote station. 

The highly bandwidth-efficient communications method of claim 11 . wherein said beam steering correction at said 
let SL steers said first and second traffic bursts respectively transmitted from sa.d f.rst and second antenna 
elements to maximize a signal-to-interference-noise ratio (SINR) of sa,d first and second traffic bursts. 

The highly bandwidth-efficient communications method of claim 1 1 , wherein said step of forming said first calibra- 
tion burst at a first antenna element comprises the steps of: 

selecting said distinctive orthogonal frequency division multiplexed pattern unique to said base station; 
«^nTsp»«ding weights at said base station to spread an outgoing calibration signal over a plurality of 

20 outgoing frequencies, using said pattern; and -^--Hinn 

spreading said calibration signal over said plurality of outgoing frequences using said computed spreading 
weights, thereby forming said first calibration burst. 

17. The highly bandwidth-efficient communications method of claim 11. wherein said step of calculating said beam 
25 steering correction at said base station comprises the steps of: 

receiving at said base station a spread signal comprising an incoming link control signal that includes said 
value SDread over a plurality of incoming link control frequencies; 

Idaptivel! ; despreading saiJ spread signal received at the base station by using despreadmg we,ghts, recov- 

rSingtot^id value said relative phase difference measured between said first and second calibration 

^n?!l?n5SL Phase difference with a preceding derived relative phase difference measured 
be^een preceding first and second calibration bursts at said remote station resulting from a preced.ng beam 
steering correction applied at said base station to said preceding first and second calibration burster 
calcula^ng a transmission phase correction to said first and second antenna elements in response , * ,sa d conn- 
paring step, to minimize a relative phase difference between said first and second traffic bursts at said remote 
station. 

40 18. The highly bandwidth-efficient communications method of claim 17. wherein said base station is part of a wireless 
discrete multitone spread spectrum communications system. 

19. The highly bandwidth-efficient communications method of claim 17, wherein said calibration tones are used for link 
control in said traffic bursts. 

20 The highly bandwidth-efficient communications method of claim 1 7, wherein said step of applying said beam steer- 
ing correction to said first and second traffic bursts further comprises the steps of: 

computing spreading weights at said base station to spread traffic signals over a plurality of outgoing frequen- 
cies, using said calculated transmission phase correction; and „-h rr,mn.rtPri waadina 
spreading said traffic signals over said plurality of outgoing frequencies using said computed spread.ng 
weights, thereby forming said first and second traffic bursts. 

21 . A highly bandwidth-efficient communications system, comprising: 

means for forming a first calibration burst at a first antenna element of a base station, including a plurality -at 
tone frequencies arranged in a distinctive orthogonal frequency division multiplexed pattern unique to said 
base station;. 
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SLlStS 5ald ralUe " " Mm SKe "" 9 C °" M °" a ' >»» .0 mod* said relaWe 

s ~d^^ 

22. The highly bandwidth-efficient communications system of claim 21 wherein said firct ,nH a n .• 
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